Paravertebral block (PVB) has been used for postoperative analgesia in children since 1992. There are no prospective randomised studies comparing the use of PVB versus caudal block (CB) for outpatient inguinal hernia repair surgery. The hypothesis of this study is that a single level, single injection PVB can provide a longer duration of analgesia and less requirement for supplemental analgesia than single shot CB for children undergoing inguinal surgery.
Inguinal hernia repair in children is a common surgical procedure and is typically performed on an outpatient basis. This type of surgery can cause a significant degree of discomfort postoperatively and caudal blockade is often used to provide pain relief. However, single shot caudal blockade has the disadvantage of a short duration of action, with more children needing supplementary analgesia in the immediate postoperative period.
Paravertebral block (PVB) has been used for postoperative analgesia in children since 1992 1 . It provides excellent pain relief following both continuous 1-3 and multi-level nerve stimulator-guided techniques 4-6 . PVB can not only provide more effective analgesia than continuous epidural blockade following renal surgery 7 , but can also be used as a successful anaesthetic and analgesic technique for inguinal hernia surgery [8] [9] [10] .
There are no prospective randomised studies comparing the use of PVB versus caudal block (CB) for outpatient inguinal hernia repair surgery in children. The hypothesis of this study is that a single level, single injection PVB can provide longer duration of analgesia and less requirement to supplemental analgesia than single shot CB for children undergoing inguinal surgery.
METHODS
After obtaining the local ethics committee approval (101/30-26.12.2008 -Ethics Committee of Çukurova University) and informed parental consent, 70 children, aged three to seven years, American Society of Anesthesiologists score I to II, scheduled for unilateral inguinal surgery were enrolled in the study. Exclusion criteria were contraindications to PVB, caudal analgesia and allergy to local anaesthetics.
No premedication was given. Anaesthesia was induced with 6 to 8% sevoflurane by facemask and maintained with 0.5 to 2.5% sevoflurane in a mixture of 50% N 2 O in oxygen. No neuromuscular blocking drugs or intraoperative opioids were given. All children were allowed to breathe spontaneously via a laryngeal mask airway with manual assistance for preventing hypoxia during anaesthesia. Monitoring comprised electrocardiography, pulse oximetry and automated, non-invasive blood pressure. Fluid administration was standardised at 3 to 5 ml/kg/hour of crystalloid.
Children were allocated randomly to receive one of two study blocks (number table methods). Caudal and paravertebral blocks were performed prior to surgery by the same consultant anaesthesiologist, with patients in the lateral decubitus position. Children in group CB received caudal levobupivacaine (0.25%) 1 ml/kg. The PVB technique as previously described by Hadzic and Vloka was used 11 . Needle insertion was made at an easily palpated second lumbar vertebra (L 2 ) lateral to the spinal process. The distance from the midline was 1 to 2 cm. A 25 G spinal needle (spinal needle Quincke type point, Becton Dickinson S.A., San Agustin del Guadolix, Madrid, Spain) was inserted perpendicularly to the skin in all planes until contact with the transverse process was made. The needle was then withdrawn to the subcutaneous tissue and angled to walk off the caudad edge of the transverse process. The needle was further advanced under the transverse process; the paravertebral space was identified by loss of resistance to saline (0.2 to 0.5 ml). After aspiration, a bolus of 0.2 ml/kg of levobupivacaine (0.25%) was injected.
Postoperatively, the behavioural face, legs, activity, cry and consolability (FLACC) score was used to evaluate the effectiveness of the block. The FLACC scoring system is summarised in Table 1 12 . In cases where rescue opioid was needed within the first two postoperative hours, the block was considered a failure. Blinded postoperative pain assessments were performed by an anaesthesiology registrar.
FLACC scores, heart rate, blood pressure and SpO 2 were evaluated at 5, 10, 15, 30, 60 minutes and 2, 4, 6, 12, 18 and 24 hours postoperatively. After 24 hours the patients were discharged from hospital. If a FLACC score of >2 was recorded, the child was first managed by nonpharmacologic means (tactile stimulation, change of position, warming or cooling etc.) in order to make the child comfortable again. If no response was apparent within 5 to 10 minutes, intravenous tramadol was administered. The duration of postoperative analgesia was defined as the time in which the patient did not require any analgesic drug. If there was no need for analgesic drugs during the postoperative observational period, the duration of the block was set as 24 hours.
The parents' satisfaction was also evaluated after surgery, based on their child's comfort and activity level. Parents were asked to rate their degree of satisfaction as satisfied (excellent), moderately satisfied (good) or dissatisfied.
Sample size was calculated with an expectation of a 30% reduction in number of the patients requiring rescue analgesia between the PVB and CB groups. The minimum sample size thus required was 34 in each study group within a 95% confidence and 80% power. Data were reported as mean (SD) or number (%). Two-way analysis of variance for repeated measurements was used to identify significant differences between the two groups when comparing pain scores, followed by the Mann-Whitney test to compare significant differences between the two groups. The chi-squared test was used to compare analgesic requirements between the two groups. 
RESULTS
The two study groups were similar with regard to age, gender, weight and height ( Table 2) . FLACC scores were the same in the both groups (Table 3) . Block failure occurred in two patients (5.7%) in the PVB group and four (11.4%) patients in the CB group, respectively (P >0.05, Table 4 ). Four (11.4%) patients in the PVB group needed supplementary analgesic drugs compared to 12 (34.3%) patients in the CB group (P=0.044, Table 4 ). All patients who needed analgesia were given tramadol only in the first four hours postoperatively. No patient had any supplemental analgesic drug apart from tramadol. Parental satisfaction (74.3 vs 40%) was significantly higher in the PVB group than in the CB group (P=0.01, Table 5 ). Two patients had a slight motor weakness during walking in the CB group. No complications occurred with the blocks or local anaesthetic agent.
DISCUSSION
The main result was a significant improvement in the duration of postoperative analgesia and a decreased need for postoperative analgesic drugs after inguinal surgery in children treated with paravertebral nerve blockade compared to those undergoing CB. Another important finding of this study was that sevoflurane concentration was lower in PVB.
In our study, 88.6% patients in the PVB group did not need any supplemental analgesia compared to 65.7% patients in the CB group. The mean duration of analgesia was found to be 1300 minutes (120 to 1440 minutes) in PVB. Berta et al 13 reported that the median duration of the PVB was found to be 600 minutes and in 10 children (41.7%) no additional analgesia was needed during the first 12 postoperative hours in renal surgery. A prolonged analgesic effect associated with the PVB technique in adults and children were noted in the other studies [4] [5] [6] 9, 10, [13] [14] [15] [16] [17] . Akçaboy et al 18 reported that PVB obtained very long and effective analgesia compared with spinal block in adult patients. These results supported our findings. It was claimed that this results from the relative avascularity of the paravertebral space and hence the slow uptake of local anaesthetic 10 . In our study, the patients needed supplemental analgesia in the CB group more than the PVB group. This result showed that PVB provided more satisfactory analgesia compared to CB. This may be related to local anaesthetic volume and slow uptake of local anaesthetic.
The use of a nerve stimulator-guided technique for PVB in children has been reported to result in even higher success rates 5, 6 , but in these studies a multilevel injection technique was used, which makes an adequate comparison impossible. However, Berta et al 13 reported that a single-level injection technique was used and their results showed a very high successful block rate (95.8%). In the current study, the rate of satisfactory PVB was 94.3%. Its failure rate (6 to 11%) is comparable to other well-established methods 19 . For most paediatric patients, a volume of 0.5 ml/kg should be expected to cover at least five dermatomes 20 . However, a volume of 0.2 ml/kg obtained adequate analgesia. For inguinal surgery, this spread may be complicated by the anatomic barrier created by the psoas insertion at T 12 21 . Paravertebral injections above and below this barrier may therefore be useful to properly anaesthetise the inguinal region when using the standard technique of PVB insertion for children 21 . However, Ozkan et al 22 reported that in cadavers injected at the T 10 level, it was observed that the dye did not spread caudally to the T 12 level to stain the L 1 lumbar nerve segment, whereas in cadavers injected with an additional 5 ml dye injection at L 1 level, it was observed that the genitofemoral, ilioinguinal, iliohypogastric and lateral femoral cutaneous nerves were stained with dye. This may explain why the PVB obtained in our study was very effective. Moreover, the adequacy of PVB as a sole anaesthetic technique for inguinal hernia repair surgery has been reported 8, 22 .
In previous studies, it was reported that multiplesegment PVB injections were not comfortable for patients and that they may increase the risk of pleural puncture (1.1%) and pneumothorax (0.5%) 23, 24 . We did not experience pleural puncture or pneumothorax in either of the groups in our study. PVB results in unilateral, segmental anaesthesia and analgesia of long duration in the region of the blocked roots 23 .
Further studies are needed to assess whether there is a role for ultrasound in improving the success of PVBs. Improved success rates and safety using ultrasound has been demonstrated for several blocks -iliac crest, supraclavicular and interscalene blocks 25, 26 .
In conclusion, the present study showed that single level single injection PVB is more effective than CB for unilateral inguinal hernia repair in providing prolonged postoperative analgesia and reduced postoperative analgesic requirements.
